The isomeric and β decays of the N = Z + 2 nucleus 96 Ag were investigated at NSCL. A cascade of γ-ray transitions originating from the de-excitation of a µs isomer was observed for the first time and was found in coincidence with two previously-known transitions with energies of 470 and 667 keV. The isomeric half-life was determined as 1.45(7) µs, more precise than previously reported. The existence of a second, longer-lived µs isomer, associated with a 743-keV γ transition, is also proposed here. Shell model results within the (p 3/2 p 1/2 f 5/2 g 9/2 ) model space, using the jj44b interaction, reproduced level energies and isomeric decay half-lives reasonably well. PACS numbers: 23.32.+g, 23.20.Lv, 26.30.Ca, 27.60 Separator is, however, not sufficient for decay studies with proton-rich beams. This is due to the low-momentum tails of much more intensely produced nuclei closer to stability, which overlap within the A1900 acceptance of the rare isotopes of interest. An additional filtering stage was therefore provided by the Radio Frequency Fragment Separator (RFFS) [18] . The RFFS reduced the intensity of unwanted species in the beam by about a factor of 200, resulting in an average total rate at the experimental station of 50 nuclei per second.
The region of the chart of nuclides around 100 Sn has been the focus of major experimental efforts in the last few decades. The low-energy structure of these nuclei is of great importance to confirm the closure of shells at N = Z = 50. New data on 100 Sn and its closest neighbors allow testing of model spaces and effective interactions used in shell model calculations in this mass region. A particularly interesting phenomenon in N ≈ Z nuclei is the occurrence of high-spin isomers. These isomeric states appear due to an extra binding energy originating from the large attractive proton-neutron interaction in these configurations [1, 2] . A number of isomers have been predicted to exist in the region around 100 Sn (e.g. [3] ), and several have been experimentally confirmed. Some remarkable examples of high-spin γ-decaying isomers are the 23/2 + and 37/2 + states in 95 Ag [4, 5] , 14 + in 94 Pd [5, 6] , and 12 + in 98 Cd [7] . β-and β-delayed proton (βp)-decaying isomers have also been found in the region, examples of which are the 21 + level in 94 Ag [8, 9] and the 25/2 + level in 97 Cd [10] . In this work, we report on the observation of γ-decaying states in the T z = 1 nucleus 96 Ag, with three proton holes and one neutron hole relative to 100 Sn.
96 Ag is on the path of the astrophysical rapid proton capture (rp) process [11] . Isomers along the reaction path may affect proton capture rates significantly by creating a nonthermal population of levels. Thus, experimental information on isomers in 96 Ag contributes to the understanding of the production of mass A = 96 in the rp-process. Separator is, however, not sufficient for decay studies with proton-rich beams. This is due to the low-momentum tails of much more intensely produced nuclei closer to stability, which overlap within the A1900 acceptance of the rare isotopes of interest. An additional filtering stage was therefore provided by the Radio Frequency Fragment Separator (RFFS) [18] . The RFFS reduced the intensity of unwanted species in the beam by about a factor of 200, resulting in an average total rate at the experimental station of 50 nuclei per second.
The experimental station was composed of the NSCL Beta Counting System (BCS) [19] and sixteen high-purity Ge detectors from the Segmented Germanium Array (SeGA) [20] .
The BCS consisted of three silicon PIN detectors used to perform particle identification The sixteen Ge detectors from SeGA were placed in close geometry around the DSSD to measure prompt and β-delayed γ rays within a 12-µs time window after a charged particle triggered the data acquisition. The absolute γ-detection efficiency of the array was 6.1% at The spectrum of γ rays observed between 1.2 and 12 µs after implantation of a 96 Ag ion is shown in Fig. 1 . The lower time limit of 1.2 µs was chosen to eliminate prompt X-rays and low-energy γ-rays produced by beam fragments interacting with the silicon detectors. Apart from the 470 keV and 667 keV transitions, which were previously reported by Grzywacz et al. [14] , all of the γ transitions in Fig. 1 were observed in the present experiment for the first time. The time distribution of each of the γ lines of interest was analyzed to assign them to the decay of a specific isomer and to determine isomeric half-lives. The 257, 630, 667, and 1506-keV transitions decay with the same half-life. An OR of these energies was used to obtain the isomeric decay curve shown in Fig. 2(a) . A fit to the decay curve taking into account a single exponential decay plus a constant background resulted in a half-life of 1.45(7) µs, more than two times longer than the previously-reported value of 0.7(2) µs A 2-dimensional γγ coincidence matrix was constructed for γ rays which occurred within the first 12 µs after a 96 Ag implantation. 1-dimensional coincidence spectra were then obtained by setting energy gates on the lines of interest in the γγ matrix (Fig. 3) . Table   I summarizes the observed γγ coincidence relationships, as well as the intensities of all transitions, normalized to the transition with an energy of 470 keV. A total of 1.1 × 10 4 counts were detected in the 470-keV peak, several orders of magnitude higher than in the previous measurement. Based on these coincidences, their relative intensities, and energysum relationships, the decay scheme for 96 Ag presented in Fig. 4 (a) is proposed. The The β decay of two low-lying states in 96 Ag with proposed spins and parities 2 + and 8 + , and half-lives of 6.9(6) and 4.40(6) s, respectively, was reported by Batist et al. [13] .
Implanted nuclei correlated with the 470-keV line were tagged to determine which of these two β-decaying states was populated following the decay of the microsecond isomers. The 3 in Ref. [13] ). Therefore, the 1.45 µs isomer most likely populates the 8 + β-decaying state.
The experimental level scheme of 96 Ag is compared with the results of two shell-model calculations in Fig. 4 . One calculation was performed with the code OXBASH, within the g 9/2 − p 1/2 model space using the SLGT effective interaction [22] and assuming a 100 Sn core.
This calculation predicts one potentially isomeric state with energy of 3148 keV above the 77 keV using the B(E2) strength from the SLGT calculation and our measured half-life of 1.5 µs; such energy is 116 keV smaller than that predicted by the shell model, but well within typical shell model uncertainties. This 77-keV transition is predicted to be highly converted [α=3.67 (6)]. No evidence of a 77 keV γ-ray was found in our data, which is consistent with the expected small statistics and signal to background ratio in that energy range. Our experimental setup was also not sensitive to the low-energy electrons expected from this transition.
The second shell-model calculation was carried out in the (p 3/2 p 1/2 f 5/2 g 9/2 ) model space considering a 56 Ni core with the jj44b Hamiltonian. The jj44b Hamiltonian was obtained from a fit to about 600 binding energies and excitation energies with a method similar to that used for the JUN45 Hamiltonian [23] . Most of the energy data for the fit came from nuclei with Z = 28−30 and N = 48−50. With 30 linear combinations of the J −T two-body matrix elements which conserve isospin varied, the rms deviation between experiment and theory for the energies in the fit was about 250 keV. Proton and neutron effective charges of e p =1.5 and e n =0.5 were used. Predictions obtained with the jj44b Hamiltonian have been compared to experimental data for Ga [23, 24] and Cu [25, 26] Overall, both shell model calculations well reproduce the observed level sequence and γ-ray cascades. The jj44b calculation, with its larger model space, predicts excitation energies better than the SLGT one, and reduces the excitation energy of the 13 − state sufficiently to provide an explanation for the longer-lived isomer identified in the present work. The jj44b results were used to tentatively assign spins and parities to the experimental levels presented in Fig. 4 (a) . In summary, a γ-ray cascade was identified from the decay of a 1.45(7) µs isomeric state in the T z = 1 nucleus 96 Ag. The half-life of the known µs isomer was deduced with higher precision. Evidence for a second µs isomer, along with the γ-ray transitions associated with its decay, was also found. Higher statistics and longer collection times will be needed to determine its half-life to better precision. Both microsecond isomers appear to populate the low-lying, β-decaying 8 + state in 96 Ag. A level scheme of the isomeric decay was presented, and was compared with shell model calculations. The shell model calculation employing the jj44b interaction well reproduced the level scheme and isomeric half-lives. Based on our placement of the isomeric states at rather high excitation energies and spins, a non-thermal population in an astrophysical environment that could affect the rp-process is unlikely.
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